The distal control region of a human U6 small nuclear RNA (snRNA) gene promoter contains two separable elements, octamer (OCT) and SPH, found in many vertebrate snRNA genes. Complete distal regions generally account for a 4-to 100-fold stimulation of snRNA gene promoters. We examined the mechanism of transcriptional stimulation by each element when linked to the proximal U6 promoter. Multimers of either OCT or SPH did not increase transcriptional levels above that with a single copy, either in transfected human cells or after in vitro transcription in a HeLa S100 extract. The orientation of a single SPH element differentially stimulated transcription in transfected cells, whereas the orientation of an octamer element was not important. Using Sarkosyl to limit transcription to a single-round, we concluded that promoters containing either OCT or SPH elements supported an increased number of preinitiation complexes in vitro. Furthermore, the rate of formation of U6 promoter preinitiation complexes resistant to low (0.015%) concentrations of Sarkosyl was accelerated on templates containing either OCT or SPH. However, neither element had a significant effect on the number of rounds of reinitiation in the S100 extract.
INTRODUCTION
Vertebrate small nuclear RNA (snRNA) gene promoters are highly efficient in order to synthesize between 10 5 and 10 6 of each abundant U-snRNA during every cell generation. Indeed, even considering the presence of multiple copies of these genes, a new transcript must be productively initiated every 2-4 s in a rapidly-growing cultured cell (1, 2) . The distal or enhancer-like region of vertebrate snRNA promoters confers a 4-to 100-fold stimulation of transcription in transfected cells or after injection into Xenopus oocytes (3) (4) (5) (6) . This distal region is located over 200 bp upstream of the start site and contains a copy of the well-studied octamer element and, usually, one other DNA element. The mechanism by which the distal region and associated transcription factors activate snRNA gene transcription is still largely unknown.
We have investigated the composition of the distal region for a human U6 snRNA gene (7) (8) (9) . U6 genes are transcribed by RNA polymerase III (pol III), in contrast with those that encode the other abundant U-snRNAs (10, 11) . Nevertheless, distal regions of both pol II-and pol III-transcribed snRNA gene promoters are organized similarly and are interchangeable (7, (12) (13) (14) . Furthermore, transcription of U6 genes in vitro has proven to be more amenable to investigation, since the vertebrate pol II snRNA gene promoters are very inefficient using cell-free systems (15) (16) (17) (18) . The major transcriptional control elements of the human U6 distal region are an octamer motif and an adjacent SPH motif (8, 9) . A closely-linked SPH motif is quite commonly found within snRNA gene distal regions (9, 19) .
In this work, we have constructed human U6 promoters containing single or multiple copies of OCT or SPH elements connected to the proximal promoter. We find that each distal element can operate independently to stimulate transcription and that multiple copies do not provide further enhancement. U6 promoters containing either OCT or SPH assemble preinitiation complexes resistant to 0.015% Sarkosyl faster and to a greater extent. However, the presence of OCT or SPH elements has no effect on the ability of these promoters to undergo multiple rounds of transcription in an S100 extract.
MATERIALS AND METHODS

Plasmid constructions
All templates were derived from a human U6 gene in which the internal sequence from +4 to +100 was replaced with a 60 bp fragment of DNA containing no C-residues on the sense strand (U6/CFREE) (20) . Most of the 5′ flanking sequence was deleted, but the proximal promoter was maintained, by subcloning a DraI (position -84)/EcoRI fragment into SmaI-EcoRI-cut plasmid pGEM3Zf(-) (Promega) to create dl-84/U6/CFREE. Plasmids containing human U6 OCT or SPH elements were constructed by ligating double-stranded oligodeoxynucleotides into the BamHI site of the polylinker of dl-84/U6/CFREE, immediately upstream of position -84 of the U6 promoter. The sequences of the 17mer OCT and 30mer SPH oligonucleotides are given in reference (9) , where they are denoted OCTCON and NONOCT(long), respectively. In addition, two templates were constructed with a 36mer oligodeoxynucleotide containing both the human U6 SPH and OCT elements with normal spacing (P10 and P14 in Fig. 1 ). The sequences of the top and bottom strands of this oligonucleotide are: 5′-GATCCTATTTCCCATGATTCCTTCATATTTGCATAT-3′ and *To whom correspondence should be addressed. Tel: +1 409 845 6257; Fax: +1 409 845 9274; Email: kunkel@bioch.tamu.edu Figure 1 . Diagram of templates used for transcription experiments. All human U6 promoters were in the background of the CFREE reporter (20) . Plasmid 'CFREE' contains ∼470 bp of normal 5′ flanking sequence and ∼220 bp of normal 3′ flanking sequence. All other templates were truncated at position -84 and contained OCT, SPH ('NON' plasmids) or combined SPH + OCT ('P' plasmids) elements. The arrow indicates the orientation of each element compared with the wild-type promoter.
5′-GATCATATGCAAATATGAAGGAATCATGGGAAATAG-3′, respectively.
We experienced much difficulty in the construction of templates containing the OCT element in the forward orientation. The OCT4 template was the only one recovered in multiple screens that included any OCT element directed that way. In order to obtain the OCT23 construct (Fig. 1) , the oligonucleotide was redesigned with an upstream 5′-TCGA-3′ overhang and downstream 5′-GATC-3′ overhang in order to subclone it directionally in the dl-84/U6/CFREE plasmid restricted with SalI and BamHI. Even so, the yield of OCT23 plasmid was very low in multiple preparations. Similarly, construction of the P series of templates containing combined SPH and OCT elements was characterized by selection of only plasmids containing the OCT motif in the reverse orientation. Attempts to directionally subclone this oligonucleotide resulted in the recovery of a single plasmid with a point mutation in the octamer motif.
The sequences of the promoter regions of all plasmids were determined by the dideoxy method. Purified plasmids were prepared by alkaline lysis of bacterial cells, CsCl gradient centrifugation and chromatography on Bio-Gel A5m resin (Bio-Rad). DNA concentrations were determined spectrophotometrically using absorbance at 260 nm and verified by visual examination of ethidium bromide-stained agarose gels.
Transfections
Transient transfection assays using human 293 cells and primer extension to quantitate RNA levels were performed as described previously (8) . Ten µg each of a U6/CFREE plasmid DNA and plasmid DNA containing the chicken β-tubulin gene were added to a 100 mm dish of cells. The primer used to anneal to U6/CFREE transcripts had the sequence 5′-CTCTCCTCACCTCTCCCT-3′. Relative radioactivity in specific bands on polyacrylamide gels was quantitated using a Fujix BAS2000 Phosphorimager (Fuji).
In vitro transcription in HeLa S100 extract S100 extracts were prepared from HeLa spinner cells as described (21) . Transcription reactions were carried out by mixing either A B 'CFREE' represents the primer extension products from the U6 promoter plasmid, and 'cβ3' represents those from a chicken β-tubulin gene contained on a co-transfected plasmid used as a control to monitor variable efficiency of transfection and RNA recovery. (B) Quantitation of transfection experiments. Primer extension products that had been electrophoresed on polyacrylamide gels were quantified with a Fujix BAS2000 Phosphorimager (Fuji). After background subtraction, the level of each group of bands was normalized to the cβ3 band intensity in that lane and compared with the signal from the dl-84 template included in each experiment. The value in parentheses indicates the number of times each promoter template was tested. The height of each column represents the average value, and the height from the midpoint of the error bar shows one standard deviation from the mean. In vitro transcription of U6/CFREE templates in a HeLa cell S100 extract. (A) Representative results from an experiment using 50 ng of each U6 promoter plasmid DNA plus 450 ng of pGEM3Zf(-) plasmid (Promega). Plasmid DNAs were preincubated at 30_C for 90 min in the S100 extract followed by a 60 min transcription period after the addition of nucleoside triphosphates and α-amanitin (to 2 µg/ml). Transcripts were fractionated by electrophoresis on 12% polyacrylamide-8.3 M urea gels and detected by autoradiography. The band labeled 'tRNA his ' corresponds to histidyl-tRNA radiolabeled by a guanylyltransferase activity present in the S100 extract (21) . This band serves as a convenient recovery control in many of our experiments. (B) Quantitation of in vitro transcription experiments. Transcripts that had been electrophoresed on polyacrylamide gels were quantitated with a Fujix BAS2000 Phosphorimager (Fuji). After background subtraction, the level of each U6/CFREE group of bands was normalized according to the tRNA his band intensity in that lane and compared with the signal from the dl-84 promoter included in each experiment. For each template, transcription was assayed using either 50 or 200 ng of the U6 promoter plasmid. The height of each column shows the average value of multiple experiments, and the height from the midpoint of the error bar shows one standard deviation from the mean.
A B
50 or 200 ng of plasmid DNA containing the U6/CFREE reporter (specified in the figure legend) plus pGEM3Zf(-) DNA to adjust to a total mass of 500 ng of plasmid DNA. Final reactions (25 µl) contained 40 mM KCl, 8 mM HEPES (pH 7.5), 2 mM MgCl 2 , 2 mM dithiothreitol and 100 µg of protein from a HeLa cell S100 extract. After preincubation at 30_C for the times specified in the figure legends, transcription proceeded with the addition of nucleoside triphosphates to final concentrations of 0.5 mM ATP and UTP, 20 µM unlabeled GTP and 10 µCi [α-32 P]GTP (DuPont/NEN; 800 Ci/mmol), along with α-amanitin to 2 µg/ml. At this point Sarkosyl was added to a final concentration of 0.015 or 0.075% in some reactions. After further incubation at 30_C for a time specified in the figure legends, reactions were stopped and nucleic acids were isolated by phenol-CHCl 3 extraction and ethanol precipitation. After electrophoresis on 12% polyacrylamide-8.3 M urea gels, RNAs were visualized by autoradiography or quantitated using a Fujix BAS2000 Phosphorimager (Fuji).
RESULTS
Individual OCT or SPH elements stimulate transcription from the human U6 proximal promoter
In order to investigate the roles of individual OCT or SPH elements, including the effects of orientation or number of copies, on transcription driven by the human U6 snRNA promoter, we constructed a variety of plasmids in which these elements were ligated just upstream of the proximal sequence element (PSE) (Fig. 1 ). The U6 coding region was replaced with a random Figure 4 . Kinetics of the formation of a 0.015% Sarkosyl-resistant complex on various U6 promoters in a S100 extract. In this experiment, 200 ng of each U6 promoter template plus 300 ng of pGEM3Zf(-) plasmid DNA were preincubated at 30_C for the times indicated at the bottom of the graph. Then, Sarkosyl was added to a final concentration of 0.015% to prevent formation of more complexes, along with nucleoside triphosphates and α-amanitin (to 2 µg/ml). The transcription phase proceeded for 60 min at 30_C. After electrophoresis, U6/CFREE transcripts were quantitated by phosphorimager analysis, normalized to the tRNA his band in each lane, and plotted as a fraction of the maximal level for each template (3 h preincubation sample) versus the time of preincubation in the S100 extract.
sequence lacking cytosine residues on the sense strand (CFREE). This modification facilitates detection of transcripts from the U6 promoter in vitro (21, 22) , and, in addition, we found it to encode a stable transcript detectable by primer extension after transfection of human 293 cells. Limitation of transcription to a single round demonstrates differential extent of formation of preinitiation complexes. 50 ng of each U6 promoter template plus 450 ng of pGEM3Zf(-) DNA were preincubated at 30_C for 2 h in a S100 extract. Then, Sarkosyl was added to either 0.015% (lanes 1-5) or 0.075% (lanes 6-10), along with the addition of nucleoside triphosphates and α-amanitin (to 2 µg/ml). Transcription proceeded for 15 min at 30_C. Transcripts were electrophoresed on a 12% polyacrylamide-8.3 M urea gel, and the dried gel was subjected to autoradiography. Noted below each lane is the transcriptional level determined by phosphorimager quantitation relative to the dl-84 template for lanes 1-5 and 6-10, separately. We have found that the transcriptional stimulation for the templates containing OCT or SPH elements is somewhat lower in the presence of Sarkosyl (compare with Fig. 3 ).
After transfection of 293 cells with individual plasmid DNAs, the normal sequence upstream of position -84 (CFREE in Fig. 2 ) accounted for an ∼10-fold stimulatory effect. This effect was reconstituted by the inclusion of 36 bp containing single copies of the human U6 OCT and SPH elements ligated immediately upstream of the PSE (P10 in Fig. 2 ). Promoters containing single copies of either OCT or SPH in their normal orientations (OCT23 and NON10 plasmids, respectively) were approximately equally effective, producing transcript levels 4-fold higher than the dl-84 template. The orientation of OCT had no significant effect on transcription in transfected cells (compare OCT23 with OCT7 in Fig. 2) , whereas a template containing the normal orientation of the SPH element was transcribed at an ∼2-fold higher level than one containing the inverted SPH element (compare NON10 and NON22 in Fig. 2 ). In combination, the OCT plus SPH elements stimulated transcription in an approximately multiplicative manner relative to templates containing only the individual element [compare P10 versus the product of OCT7 (or OCT23) and NON10 or NON22 in Fig. 2 ]. As noted in Materials and Methods, because of a strong bias in Escherichia coli against the forward orientation of the OCT motif in our particular construction, we were unable to test the normal orientation of the combined SPH/OCT elements. Since the orientation of individual SPH elements was somewhat significant in our transfection experiments, it is possible that a U6 promoter containing the forward-directed SPH/OCT sequence could be transcribed at a somewhat higher level than the P10 template. In contrast, multiple copies of either OCT (OCT5) or SPH (NON-A), or their combination (P14), generally did not support higher transcriptional levels compared with a single copy, except for the modest increased stimulation of the 2× OCT promoter (OCT4). We note that in the OCT5 and P14 templates, all copies of distal elements were oriented in the reverse direction. (Fig. 1 ) plus 450 ng of pGEM3Zf(-) DNA were preincubated at 30_C for 2 h in an S100 extract to allow formation of preinitiation complexes. Then, Sarkosyl was added to a final concentration of 0.015%, along with nucleoside triphosphates and α-amanitin (to 2 µg/ml), and transcription proceeded for 5 min (lane 1). Next, for the sample shown in lane 2, unlabeled GTP was added to a final concentration of 2.5 mM (∼125-fold dilution) with no extra Sarkosyl, and incubated for a further time of 55 min at 30_C. For the sample in lane 3, unlabeled GTP was added to 2.5 mM along with a boost in the concentration of Sarkosyl to 0.075%, prior to further incubation for 55 min at 30_C. Transcripts were electrophoresed on a 12% polyacrylamide-8.3 M urea gel and detected by autoradiography.
We also examined the in vitro transcription of these same plasmid templates in a HeLa cell S100 extract. Fifty ng of plasmid DNA templates containing single copies of either OCT or SPH elements were transcribed at levels 3-to 4.5-fold higher than the dl-84 promoter (Fig. 3A, compare lanes 3, 4, 7 or 8 with lane 2) . This amount of stimulation was nearly as high as that found in transfected cells. When 200 ng of each plasmid DNA containing a U6 promoter was used, OCT or SPH elements directed a more modest increase in transcription, ∼2-to 2.75-fold (Fig. 3B) . In addition, the in vitro results demonstrated that multiple copies of either OCT or SPH did not result in higher transcriptional stimulation than from promoters containing single copies. In contrast with the transfection results, the P10 template containing both OCT and SPH elements was transcribed at only a slightly elevated level compared with the templates containing the individual elements (Fig. 3A, compare lanes 10 and 3, 4, 7 or 8) . Another difference between the transfection and in vitro transcription results was that the orientation of the SPH element had little effect in an S100 extract (Fig. 3A, compare lanes 7 and 8) , whereas a 2-fold ratio of expression was detected in transfected cells (Fig. 2 , compare NON10 and NON22). Notwithstanding these relatively minor discrepancies, in vitro transcription in a S100 extract generally recapitulated the stimulatory roles of OCT and SPH elements for the U6 promoter.
Assembly of a Sarkosyl-resistant preinitiation complex is accelerated and occurs to a greater extent on promoters containing OCT or SPH elements compared with the distal-less promoter
Next, we used the detergent Sarkosyl to investigate the assembly, stability and reinitiation of U6 transcription complexes. Previously, we showed that U6 preinitiation complexes preformed in an S100 extract were resistant to the addition of Sarkosyl to 0.015%, a property analogous to the pol III-transcribed adenovirus VA1 A B gene (21, 23) . Therefore, preinitiation complex assembly can be assayed by the timed addition of Sarkosyl to 0.015% along with nucleoside triphosphates to measure the amount of transcription. Promoters containing OCT (OCT4), SPH (NON10), or the combination of both (P10) were assembled into Sarkosyl-resistant complexes at similar rates in the S100 extract, with a t 1/2 of ∼23 min (Fig. 4) . In contrast, the dl-84 promoter assembled such complexes at a significantly slower rate, with a t 1/2 of ∼43 min.
In addition to the kinetics of formation of Sarkosyl-resistant complexes, we compared the relative amounts of preinitiation complexes assembled in vitro on various plasmid templates. To facilitate this comparison, we limited transcription from preinitiation complexes to a single round by addition of a somewhat higher level of Sarkosyl (0.075%) along with the nucleoside triphosphates (21) . A much lower amount of transcription was detected in the presence of 0.075% Sarkosyl, indicating efficient reinitiation in our extract (Fig. 5) . Significantly, the relative amount of single-round transcription from templates containing distal elements (OCT4, NON10, P10) compared with that from the dl-84 promoter reflected the ratios seen when reinitiation was allowed (∼2.5-to 3.5-fold; Fig. 5) . Therefore, the presence of OCT or SPH elements stimulates the assembly of more preinitiation complexes.
It is possible that these results could reflect differential stability of preinitiation complexes on the various promoters. However, we detected no difference in the stabilities of 0.015% Sarkosyl-resistant complexes on the dl-84 and P10 templates. Little dissociation was found for either promoter 2 h after addition of Sarkosyl as determined by transcription in a multiple-round assay (results not shown).
Interestingly, virtually all transcripts detected under singleround conditions migrated at the position of the longest transcript produced under multiple-round conditions. We investigated this phenomenon further by performing a pulse-chase transcription experiment. After a 5 min transcription time under our standard conditions, a large excess of unlabeled GTP was added for a chase period of 55 min. In the presence of 0.015% Sarkosyl, transcripts were reduced in size by at least 1 or 2 nucleotides during the chase C D Figure 7 . Kinetics of transcription from various U6 promoter templates in the presence of 0.015% Sarkosyl (multiple rounds) or 0.075% Sarkosyl (single-round). 50 ng of each U6 promoter plasmid plus 450 ng of pGEM3Zf(-) DNA were preincubated at 30_C for 2 h. Then, nucleoside triphosphates, α-amanitin (to 2 µg/ml) and Sarkosyl (to either 0.015 or 0.075%) were added, and transcription proceeded for the time period specified in the figure. Transcripts were electrophoresed on 12% polyacrylamide-8.3 M urea gels and either autoradiographed (left panels) or quantitated by phosphorimager analysis (right panels). (A) Transcription of dl-84 template. Autoradiography of dried gels was carried out for 24 h for the 0.015% Sarkosyl samples and 7 days for the 0.075% Sarkosyl samples. (B) Transcription of the OCT4 template. The dried gels were exposed to X-ray film for 50 h for the 0.015% Sarkosyl samples and 7 days for the 0.075% samples. (C) Transcription of the NON10 template. The dried gels were exposed to X-ray film for 21 h for the 0.015% Sarkosyl samples and 7 days for the 0.075% samples. (D) Transcription of the P10 template. Autoradiography of dried gels was carried out for 24 h for the 0.015% Sarkosyl samples and 7 days for the 0.075% samples. (Fig. 6, compare lanes 1 and 2) . However, addition of 0.075% Sarkosyl during the chase period inhibited the shortening of transcripts (Fig. 6) . These results are consistent with a scenario whereby much of the heterogeneity of transcript size detected in vitro arises from RNA processing, probably involving trimming of the uridine residues at the 3′ end (see Discussion).
The presence of OCT or SPH elements does not affect reinitiation of transcription complexes on the U6 promoter
We further investigated the potential roles of OCT or SPH elements in reinitiation by examining the kinetics of transcription under multiple-or single-round conditions. For all templates, in the presence of 0.075% Sarkosyl, the single-round of transcription was completed before 2 min and levels of transcripts remained constant thereafter (Fig. 7) . Under multiple-round conditions (0.015% Sarkosyl) the rate of transcription remained linear for over 15 min for all templates (Fig. 7) . The ratio of transcripts synthesized after 15 min in 0.015% Sarkosyl compared with 0.075% is a measure of the number of rounds of transcription occurring, on average, from a preinitiation complex. These results, including the data from experiments shown in Figures 5  and 7 , are tabulated in Table 1 . It is apparent that significant variation occurred in the average number of rounds of transcription measured in the various experiments. In order to quantitatively compare these results, the 0.015:0.075% Sarkosyl transcription ratios were compared between the different plasmids examined within a given experiment using the dl-84 template as a standard (numbers in parentheses in Table 1 ). This value indicates whether reinitiation occurs to a greater (>1) or lesser (<1) extent for templates with distal elements. We conclude that the levels of transcriptional reinitiation were not influenced by promoters containing OCT or SPH elements. Numbers in parentheses are the fraction for that plasmid relative to the ratio for dl-84 for a given experiment. The 'Summary' column is the average of these fractions for all experiments ±SD.
DISCUSSION
We have explored the mechanism of transcriptional activation of the human U6 promoter by distal enhancer-like elements, OCT and SPH. A modest level of stimulation was effected by either a single OCT or SPH element, but was not significantly increased with promoters containing additional copies of these elements. Templates containing either type of element, or both, formed more Sarkosyl-resistant preinitiation complexes compared with a template containing only the proximal promoter. In addition, preinitiation complexes assembled more rapidly on templates containing distal elements. Our transcription extract is highly active for reinitiation, as is generally found for pol III-transcribed templates. Therefore, by comparing the amounts of single-and multiple-round transcription among the various templates, we were able to investigate whether the enhancer elements affected this often-overlooked point of potential regulation. However, we detected no reproducible difference in the amount of reinitiation among the different templates.
In contrast with the situation with many pol II-transcribed mRNA gene promoters, transcription from the U6 promoter was relatively unaffected when comparing templates with multiple versus single copies of enhancer-like elements. Many mRNA promoters are stimulated in a synergistic fashion by multiple enhancer elements (24) (25) (26) (27) . When U6 promoters contained a single copy of both OCT and SPH elements, we detected a multiplicative effect in transfected cells (Fig. 2B ), but only a modest increase in the in vitro transcription assay (Fig. 3B) . Again, multiple combined OCT/SPH elements did not stimulate transcription further, actually causing a reproducible, small inhibition of expression in transfected cells (Fig. 2B) . It is possible that a fundamental difference might exist between enhancers that act on pol II mRNA promoters and the pol III-transcribed U6 snRNA promoter. Indeed, different Oct proteins demonstrate distinct capabilities to activate pol II snRNA gene promoters or mRNA promoters (28, 29) . Furthermore, pol II snRNA gene enhancers do not appear to exhibit a synergistic response to multiple copies of SPH elements. In one study, two copies of the chicken U1 SPH element did not approach wild-type enhancer activity in a Xenopus oocyte injection assay, although the 2× SPH template did stimulate higher transcription than the 1× SPH template (30) . The action of pol II or pol III snRNA gene enhancers may be similar, since distal regions of U6 and pol II snRNA gene promoters are generally interchangeable and can be composed of identical elements (7, 9, 12) [although see (31) , discussed below].
Most of our experiments employed promoters in which OCT and/or SPH elements were positioned significantly closer to the PSE than in the wild-type 5′ flanking region. For example, in the OCT23 promoter, only 27 bp separated the OCT motif and PSE, whereas 147 bp are present between the same two elements in the wild-type promoter. Similarly, 24 bp separated the SPH motif and PSE in the NON10 promoter, compared with 155 bp in the wild-type promoter. Clearly, this decreased spacing did not eliminate the distal response. In fact, the P10 promoter was slightly more active than the wild-type (CFREE) promoter in transfected cells (Fig. 2) . Furthermore, we have noticed a reproducibly higher level of transcription in vitro when the distal elements are located closer than their normal location (G.R. Kunkel, unpublished results) . Indeed, in a recent study it was shown that stepwise deletion of DNA between the distal region and PSE of the human U6 gene results in a stimulation of transcription in vitro on chromatin-free templates (32) .
The rate of assembly of a 0.015% Sarkosyl-resistant preinitiation complex was slower for the proximal-only (dl-84) promoter compared with promoters containing OCT or SPH elements. For OCT-containing promoters, this result might be related to the previous observation that the Oct-1 POU domain accelerates the binding of the PSE-binding factor, SNAP c , to an oligonucleotide containing both elements (33) . In addition to a faster rate of assembly, we found that the amount of Sarkosyl-resistant preinitiation complex was increased for templates containing OCT or SPH elements. Several mechanisms could account for this combined effect. One possibility is differential stability of preinitiation complexes. However, we found no difference in the stabilities of dl-84 or P10 complexes in an S100 extract, with half-times for dissociation >2 h for each template. A second possibility is that most promoters may be assembled into inactive complexes by non-specific repressors in our crude transcription extract. Promoters containing distal elements might be assembled more rapidly into productive preinitiation complexes such that a greater number are formed before the rest of the templates are functionally inactivated. In this regard, we found that <1% of our plasmid templates assemble into active complexes in the S100 extract (G.R.Kunkel, unpublished results). Furthermore, even after extended preincubation, the dl-84 template never approached the level of single-round transcription found with the +OCT or +SPH promoters. A third possibility is that factors distribute among templates to form inactive, partial complexes. The presence of distal elements could stimulate the assembly of a rate-determining step such that the number of complete preinitiation complexes is relatively favored over the dl-84 promoter. In the future, the use of a purified system will address these mechanisms regarding the kinetics of preinitiation complex assembly on the U6 promoter.
We noticed significant heterogeneity in the electrophoretic mobility of U6/CFREE transcripts synthesized in vitro. This heterogeneity is probably a result of different numbers of uridine residues at the 3′ end of these transcripts, a phenomenon that we have documented previously after in vitro transcription of the wild-type gene (10) . Apparently, a processing event that is sensitive to 0.075% Sarkosyl generated the smaller transcripts, since they appeared following a GTP chase in low (0.015%), but not high (0.075%) Sarkosyl (Fig. 6) . A series of 3′ processing events have been documented for U6 transcripts previously, including the formation of a 3′-terminal cyclic phosphate (34) (35) (36) . However, it is doubtful that our synthetic U6/CFREE transcripts undergo this U6-specific 3′ end processing since U6 internal sequence is required (37) .
Several groups have detected an interaction between Oct proteins and the PSE-binding transcription factor, alternatively known as PBP, PTF or SNAP c (31, 33, 38, 39) . This interaction is localized to the POU-specific subdomain of the DNA-binding POU domain of Oct proteins, and the Oct-1 POU domain can stimulate transcription of snRNA promoters in vitro (31, 33) . Increased transcription with the +OCT or P10 templates in our experiments may be explained, at least partially, by this interaction. Furthermore, the orientation of the octamer motif does not affect the ability of the Oct-1 POU domain to stimulate binding of SNAP c to the PSE (33) , which is consistent with our observation that the orientation of OCT is without effect on the transcriptional level (Figs 2 and 3 ). Other regions of Oct-1, both N-terminal and C-terminal to the POU domain, contribute to transcriptional stimulation of snRNA promoters too (29, 31, 40) . Our current results do not address this issue. Two recent papers have explored the relative effects of the POU domain and regions of Oct-1 flanking it. A modest increase in the recruitment of SNAP c to the PSE was detected with full-length Oct-1 when compared with the Oct-1 POU domain (39) . However, these authors point out that the POU domain is the major contributor to this cooperative effect. Nearly wild-type transcriptional activation of U6 and 7SK promoters was effected in transfected HeLa cells by the POU domain alone (31) . On the contrary, some distinction between the mechanisms of pol II snRNA enhancers and the distal region of the pol III-transcribed U6 gene was apparent, since efficient Oct-1 activation of the human U2 promoter required regions outside of the POU domain also (31) .
In contrast with the situation with Oct-1, it is unknown how the SPH-binding factor (SBF) might participate in the U6 transcription complex. We speculate that the 'target' for SBF is not completely overlapping with Oct-1, since templates containing both OCT and SPH elements are transcribed more efficiently than those containing the individual elements. A cDNA encoding the SPH-binding factor from Xenopus, known as Staf, has been characterized (19, 41) , and we have isolated the human version recently (J.Rincon, S.Engler and G.R.Kunkel, manuscript in preparation). Further work using the recombinant protein should uncover specific molecular interactions between this factor and snRNA transcription complexes.
